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ABSTRACT: Fourteen commonly o~curring species of marine benthic algae, i.e., Co/pomenia sinuosa (Mertens 
ex Roth) Derbes et Solier, Dictyopteris australis (Sonder) Askenasy, Dictyota dichotoma (Hudson) Lainouroux, 
D. dumosa B!iirgesen, D. hauckiana Nizamuddin, D. indica Sonder, D. nup:ima Zanardini, Hincksia mitchelliae 
(Harvey) Silva, Jolyna laminarioides Guimaraes in Guimaraes et al., Padina tetrastromatica Hauck, Sargassum 
tenerrinum J. Agardh, Spatoglossum variabil/e Figari et De Notaris, Stoechospennum marginatum (C. Agardh) 
Kiitzing and Stokeyia indica Thivy et Doshi, belonging to all three classes of Phaeophyta, were collected from 
coastal areas near Karachi, Pakistan and their taxonomy determined. Although all are taxonomically known 
species, Dictyota dichotoma, D. dumosa, D. hauckiana, D. indica, D. maxima, Jolyna laminarioides, Padina 
tetrastromatica, Sargassum tenerrimum and Stokeyia indica are described for the first time from the coast of 
Pakistan. 
KEY WORDS: Phaeophyta- morphology -anatomy -reproduction -ecological notes - marine algae- northern 
Arabian Sea - Pakistan. 
INTRODUCTION 
Karachi, the biggest city of Pakistan, has a coastline of about 100 km at the 
northern boundary of the Arabian Sea that includes beaches, numerous islands, and 
mangrove swamps. The coastal waters around Cape Monze, Nathiagali, Pacha, 
Paradise Point, Buleji, Hawkesbay, Sandspit and Manora are clear and have a variety 
of marine animals. There are luxuriant gorwths of seaweeds on these beaches either 
as drifts or attached to rocks, or growing in water pools (Shameel and Tanaka, 1992). 
Bjijrgesen (1934), the first phycologist to study the taxonomy of marine algae 
collected from the northern Arabian Sea including the Karachi area provided a long 
list that had several brown algae. Anand (1940) conducted a thorough investigation 
on the taxonomy of Chlorophyta collected from the Karachi coast. In this study he 
mentioned four major algal belts and several communities, including some brown 
seaweeds. Salim (1965) presented an ecological survey describing the distribution of 
various algal classes along the coast of Karachi. Present knowledge on the taxonomy 
of brown algae of the Karachi coast, though fragmentary, is due to the efforts of 
Professor M. Nizamuddin and his students. 
Nizamuddin and Saifullah (1967) investigated the morphology and anatomy of the 
genus Dictyopteris Lamouroux from the Karachi coast. This was supplemented by 
Khatoon and Begum (1990). Nizamuddin and Gessner (1970) studied the seaweeds 
collected from the northern part of the Arabian Sea and Persian Gulf, including several 
species of brown algae from the Karachi coast. Nizamuddin and Farooqi (1968) 
described in detail the morphology and anatomy of Endarachne binghamiae from the 
Karachi coast, while the taxonomy of other members of Scytosiphonales was studied 
by Nizamuddin and Begum (1978) and was recently supplemented by Begum and 
Khatoon (1992a). Nizamuddin (1975) initially described Dictyota hauckiana 
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Nizamuddin and then conducted a detailed taxonomic investigation on other members 
ofDictyotales (Nizamuddin and Perveen, 1986). Padina pavonia (L.) Lamouroux was 
studied by Zahid et al. (1983) and further information on the Dictyotales was added 
by Begum and Khatoon (1993). Taxonomy of the Ectocarpales was recently 
investigated by Begum and Khatoon (1992b). 
Saifullah (1973) conducted a preliminary survey of the standing crops of seaweeds 
growing along the coast of Buleji near Karachi, including the brown algae. Qari and 
Qasim (1988) investigated seasonal changes in the standing crops of intertidal 
seaweeds. Begum and Khatoon (1988) described the ecological distribution of 
Phaeophyta of the Karachi coast. Shameel and Tanaka (1992) recently presented a 
check-list detailing the distribution and habitat ecology of all the classes of marine 
algae from the coastal and inshore waters of Pakistan, including brown seaweeds along 
the coast of Karachi. 
A literature survey revealed that there have been a few studies on the habitat 
ecology and distribution of brown algae from the neighbouring coast of Lasbela 
(Shameel, 1987; Shameel and Afaq-Husain, 1987; Shameel et al., 1989). Most were 
ecological surveys with very little work on the taxonomy of brown seaweeds from the 
coast of Karachi. Therefore, the present study was undertaken to investigate the 
predominant species of brown algae occurring along the coast of Karachi for a better 
understanding of their morphology, anatomy, and reproductive structures. 
MATERIALS AND METHODS 
Healthy and mature specimens were collected from s~nd-bottom bays, large and 
shallow sand-bottom flats, small and large pools with rock and sand bottom and rock 
ledges. The sublittoral algae were picked up as drift material. The sites of collection 
were Manora, Sandspit, Hawkesbay, and Buleji (at Goth Haji Ali), near Karachi 
(Fig.1), and collection trips to these areas were made from October 1986 to December 
1989. Water temperature of the littoral pools varied from 9° to 40°C. The studies 
were carried out on fresh as well as preserved specimens. Samples were preserved i~ 
4% formalin-sea water solution neutralized with hexamethylene tetramine. To 
investigate the anatomical features and reproductive structures, the hand sections and 
pieces of thin fronds were. stained with 1% aniline blue in 5% HCI and mounted in 
70% glycerine solution. Permanent slides were prepared using equal volumes of 
glycerine, acetic acid, and distilled water or 10% of Karo, a thick syrup normally used 
as a baby food. Drawings were made with the help of camera Iucida. The dried 
specimens were deposited in the Seaweed Herbarium (KUH-SW), Seaweed Biology 
and Phycochemistry Laboratory, M.A.H. Qadri Biological Research Centre, 
University of Karachi. 
SYSTEMATIC ACCOUNT 
The following fourteen species of brown seaweeds, belonging to four orders of the 
division Phaeophyta, were collected from the coastal areas near Karachi and 
investigated taxonomically. Their morphology, anatomy, and reproduction were 
studied. 
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Fig. l.Map showing the collection sites and their locations on the coast of Pakistan. 
Order Ectocarpales Setchell et Gardner, 1922 
Family Ectocarpaceae (Kiitzing, 1843) Harvey, 1849 
Thallus of loose tufts or strands, a few mm to 25 em long, branched filaments, 
pilithic, epiphytic or ocassionally endophytic, heterotrichous, attached by basal 
rhizoids, sometimes free floating; main axis and branches uniseriate, growth diffuse 
or largely restricted to near the base of branches, rarely apical; phaeoplasts elongate 
or discoid and numerous, partial or exile, with one to a few pyrenoids. The sporophyte 
reproduces by meio- or unilocular and neutral or plurilocular sporangia and 
gametophyte by plurilocular gametangia with iso- or anisogametes, sometimes 
parthenogenetic. Pluricolar gametangia identcial to plurilocular sporangia, but borne 
on a separate plant without unilocular sporangia. The sporangia and gametangia 
opening terminally. Life-history diplohaplontic with essentially isomorphic 
generations, or direct. This family is represented on the coast of Karachi by six species 
belonging to three genera (Shameel and Tanaka, 1992). The following single species 
was studied as it was the only species found growing luxuriently. 
1. Hincksia mitchelliae (Harvey, 1852) Silva, 1987 
(Figs. 2a-c) 
Basionym: Ectocarpus mitchelliae Harvey, 1852. 
Synonymy: Ectocarpus virescens Thuret in Sauvageau, 1896; Giffordia mitchelliae 
(Harvey) Hamel, 1939. 
References: B~rgesen, 1914: 162; 1939: 75; Misra, 1966: 92; Earle, 1969: 138; 
Nizamuddin and Gessner, 1970: 5; Abbott and Hollenberg, 1976: 143; Jaasund, 1976: 
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35; Basson, 1979: 53; Shameel, 1987: 513; Silva et al., 1987: 73; Womersely, 1987: 
52; Shameel et al., 1989: 178; Begum and Khatoon, 1992b: 243. 
Morphological characters: Yellow brown plants in dense tufts, not differentiated 
into base and apex when detached, exhibiting soft and bushy growth, attaining 20 em 
height, fastened to substratum by rhizoids arising from lower portion of the main 
filament, the rhizoids are poor in contents. The arrangement of branches monopodial, 
alternate or unilateral but becoming irregular later towards apices, small branches with 
acute apex while longer branches gradually tapering into hair-like form. Growth of 
main filaments and laterals is intercalary trichothallic. 
Cytological features: The cells of the main axis 1-3 times longer than wide, 64.4 J.Lm 
long and37.4 J..Lm broad, the cells of branches 1-2 times longer than wide, 35.5 J.Lm in 
length and 20.6 J..Lm in breadth. The cells are generally rectangular, cells of upper part 
of filaments are much longer than cells of lower part. Phaeoplasts several in number, 
discoid, and irregularly arranged. 
Reproductive structures: Unilocular and plurilocular sporangia are present on the 
same plant. Unilocular sporangia are always sessile, cylindrical, occur singly on 
lateral branches, ~arrowly ovate in shape, broadly rounded at the apex, 27.2-34.4 J..lm 
in length and 13.4-17.6 J..lm in breadth. Plurilocular sporangia are usually sessile, but 
1-2 sporangia are with stalk. The sessile sporangia ar~ 68-85 J..Lm in length and 
17.2-20.4 J..Lm in breadth. The stalk of a sporangium is 23.8 J.Lm long and 13.6 J.Lm 
broad, while sporangium itself is 112.2 J..Lm in length and 23.8 J..Lm in breadth. They 
also occur singly on lateral branches, are cylindrical, broadly ovate, with a somewhat 
narrowly rounded apex and base. 
Fig. 2. Hincksia mitchelliae (Harvey). Silva: a. habit of the thallus, b. unilocular 
sporangia, c. plurilocular sporangia (scales: a=200J..Lm; b, c=50J..Lm) 
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Ecological notes: Grows on flat sandy areas at midwater mark and also occurs in the 
sublittoral coastal region, attached to rocks by rhizoids. 
Local distribution: Manora (Leg. Shaikh 14-9-1987, 20-12-1988, Shameel 
12-10-1989). 
Type locality: Nantucket, Massachussetts, USA. 
Geographical distribution: Eastern and western coasts of North America, West 
Indies, United Kingdom, European coast, Mediterranean Sea, Red Sea, Persian Gulf, 
Pakistan, India, western and eastern coasts of Africa, Malaysia, the Philippines, East 
Indies, Bikini and Marshall Islands, Australia, New Zealand. 
Remarks: The salient features of H. mitchelliae are very large and entangled thalli, 
not differentiable into base and apex when detached, thickness of filaments gradually 
decreases upwards. Filaments and branches terminate long hair-like structures with 
acute apices. The unilocular sporangia are sessile and narrowly ovate, the plurilocular 
sporangia are generally sessile, sometimes stalked, cylindrical, broadly ovate with a 
narrow apex and base. B¢rgesen (1939) observed in the specimens of H. mitchelliae 
from Iranian coastal areas that plurilocular sporangia are sessile while unilocular 
sporangia are absent. Womersley (1987) reported in South Australian specimens that 
plurilocular as well as unilocular sporangia are sessile and cylindrical, similarly, 
Basson (1979) described the presence of barrel-shaped to cylindrical and sessile 
plurilocular sporangia in the specimens from the Persian Gulf coast of Saudi Arabia. 
Whereas, the specimens of Karachi resemble those described by Misra (1966) and 
differ from others in the presence of plurilocular sporangia bearing stalk. 
Order Dictyotales Kjellman, 1893 
Family Dictyotaceae (Lamouroux, 1813) Dumortier, 1829 
Thallus erect, flat, ribbon-like, more or less bushy, simple or flabellate to 
dichotomously branched with more or less ligulate branches, branching usually 
complanate with at least lesser branches and usually all branches strongly flattened; 
attachment by basal rhizoids that usually form a matted hold~ast; growth by either a 
single, usually prominent, slightly protruding or more sunken apical cell dividing 
equally to give dichotomous branches or by a terminal and marginal row of numerous 
apical cells that divide or split irregularly to initiate lateral branches; in each case 
followed by regular transverse and then longitudinal divisions. In cross section there 
may be regularly arranged cells that become rounded and laterally displaced, 
differentiated into a small-celled cortex, 1-5 cells thick formed by further transverse 
and longitudinal divisions than in the medullary cells, and an inner medulla 1-8 cells 
thick, usually of distinctly ·larger cells; phaeoplasts discoid, without pyrenoids; 
life-history diplohaplontic and isomorphic, usually dioecious with distinct 
sporophytic male and female thalli. This family is represented on the coast of Karachi 
by 31 species belonging to 8 genera (Shameel and Tanaka, 1992). The following nine 
species have been investigated taxonomically, and may be distinguished as follows: 
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1. Plant body fan-shaped, striped, irregularly cleft into narrow lobes ................ .. 
. . . . . . .. . . . . .. . . . . . . . . . . . . . . . . .. . . ... . . .. . .... . . . . . .. . . . . . . . . . . . .. . . . . . . .. .. ..... . . . ..... Padina tetrastromatica 
Plant body strap-shaped, not striped, dichotomously branced .............................. 2 
2. Fronds with 2 mm thick midrib .......................................... .. Dictyopteris australis 
- Fronds without midrib ......................................................................................... 3 
3. Apical margins of thalli involute ............................. Stoechospermum mar~inatum 
Apical margins of thalli not involute .................................................................. .4 
4. Thallus thick, leathery, composed of 6 layers of cells in thickness ...................... . 
. . . . . . . . . . . . . . . .. . . . . .. . . . . . .. ... . . ..................... .... . . . . . . . ... . .. . ............. . Spatoglossum variabile 
Thallus thin, membranous, composed of 3 layers of cells in thickness ................. 5 
5. Plants very large, 20-70 em high ........................................... .. Dictyota hauckiana 
Plants small, less than 20 em high ....................................................................... 6 
6. Margin of the thalli sinuate, provided with minute teeth .............. . Dictyota maxima 
- Margin of the thalli smooth, without teeth ........................................................... ? 
7. Thalli growing in dense tufts, upper part erect, basal part decumbent, creeping .... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Dictyota dumosa 
Thalli ribbon-like, no difference between upper and basal parts .......................... 8 
8. Branches spirally twisted, angles between branches wide, rounded, and obtuse .... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . Dictyota indica 
Branches not twisted, angles between branches acute ........ ..... Dictyota dichotoma 
2. Dictyopteris australis (Sonder, 1853) Askenasy, 1888 
(Figs. 3 a-c) 
Basionym: Haliseris australis Sonder, 1853. 
Synonymy: Dictyopteris pardalis (Harvey) May, 1946; Haliseris pardatis Harvey, 
1955. 
References: B(brgesen, 1934: 29; Misra, 1966: 148; Nizamuddin and Saifullah, 1967: 
171; Nizamuddin and Gessner, 1970: 6; Womersley, 1987: 222. 
Morphological characters: Plant light brown in colour, 15-28 em long and 0.5-2.0 
em in breadth, upper portion is membranous, broad, dichotomously branched, attached 
by discoid, stupose fibrous holdfast, without proliferation, the holdfast 1 em in 
diameter. Epilithic growth, margin entire, apex bifid and acute. Angle between two 
segments 30° to 45°. Dichotomy at a distance 2.2-4.7 em. Midrib is 2mm thick, 
midribs in the main axis as well as branches are very prominent, protruding out on 
both sides of the thallus. Vein originating from the midrib through the thallus. 
Anatomical features: Transverse section of the thallus shows that the number of cells 
increases towards midrib. Margin of thallus composed of two rows of cells, 30-51 
~-tm in length and 30-35 ~-tm in breadth, both rows are more or less equal in size. Later, 
they increase to 3-4 rows; the cells of the first row are 30.6~-tm in length and 23.8 J.lm 
in breadth, second row 34 J.lm in length and 23.8 Jlm in breadth and cells of the third 
row 51 J.lm in length and 34.4 flm in breadth. Towards midrib, number of cells 
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Fig. 3. Dictyota australis (Sonder) Askenasy: a. habit of the thallus, b. transverse 
section of the thallus, c. tetrasporangia (scales: b,c = 50J.tm). 
increases to several layers, the cortical cells are 68 J.!m in length and 40.8 Jlm in 
breadth. The hairs are rounded, occurring on both sides of the thallus. 
Reproductive structures: Tetrasporangia are globe-like with thick wall, 90-116 J.tm 
in diameter, towards margin of the thallus. 
Ecological notes: Occurs in the sublittoral zone along the coast. 
Local distribution: Manora (Leg. Shaikh 9-11-1987, 20-12-1988, Shameel 
14-11-1989). 
Geographical distribution: Pakistan, India, Australia, Lord Island, New Caledonia. 
Remarks: Resembles specimens described from India (Misra, 1966) and western 
Australia (Womersley, 1987)1 and generally agrees with their morphoanatomical 
characters. 
3. Dictyota dichotoma (Hudson, 1762) Lamouroux, 1809 
(Figs. 4a,b) 
Basionym: Ulva dichotoma Hudson, 1762. 
Synonymy: Zonaria dichotoma C. Agardh, 1821; Dicophyllum dichotomun Kiitzing, 
1843; Dichophyllum vulgare Kiitzing, 1843; Dictyota vulf?aris Kiitzing, 1845; 
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Dictyota volubilis Kiitzing, 1849; Dictyota attemuata Kiitzing, 1859; Dictyota 
elongata Kiitzing, 1859; Dictyota latifolia Ktitzing, 1859; Dictyota pardalis Ktitzing, 
1859. 
References: Nasr, 1947: 79; B~rgesen, 1953:15; Durairatnam, 1961: 38; Lindaver et 
al.;1961: 140; Misra, 1966: 132; Womersley, 1967: 208, 1987: 194; Kornmann and 
Sahling, 1977: 161; Basson, 1979: 55; Nizamuddin, 1981: 41; Shameel et al., 1989: 
179; Verheij and Prud'homme van Reine, 1993: 424. 
Morphological characters: Thallus consists of a flat, dark-brown ribbon-like 
structure, branches are dichotomous, remains attached to rocks by a small holdfast. 
Plants are 12-16 em high, regularly dichotomous, internodal segment 1-4 em long, 1.8 
em broad, angles between the branches acute, margin is entire. 
Anatomical features: Thallus is composed of three layers, the peripheral layers are 
25 IJ.m in length, 12.5 IJ.m broad, and poor in contents. Middle layer is large, 
thick-walled, rectangular, 262-274 IJ.m long and 125-213 IJ.m broad. 
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Fig. 4. Dictyota dichotoma (Hudson) Lamouroux: a. habit of the thallus, b. transverse 
section of the thallus with a tetrasporangium (scale: b = 501J.m) 
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Reproductive structures: Tetrasporangia are distributed all over the thallus surface, 
are globular in shape, and 87-113 mm in diameter. 
Ecological notes: Occurs in mid- to sublittoral regions of coast, epilithic. 
Local distribution: Buleji (Leg. Shaikh 14-9-1987,24-10-1987,9-11-1988, Shameel 
12-10-1989). 
Geographical distribution: Pakistan, India, Saudi Arabia, distributed all over the 
world. 
Remarks: B¢rgesen (1953) reported that the thalli of D. dichotoma from Mauritius 
are not regularly dichotomous; the Karachi specimens are regularly dichotomous. 
Durairatnam (1961) described dichotomously branched ribbon-like thalli from Sri 
Lanka attaining a height of 20 em, Karachi specimens are small, only 16 em high. The 
thalli from the Persian Gulf coast of Saudi Arabia are small (12 em) in height (Basson, 
1979). The Indian plants are still smaller, 6-12 em in height, having anthridia and 
oogonia in sori and tetrasporangia occurring singly or in groups (Misra, 1966). 
Nizamuddin ( 1981) reported 15 em long thalli from Libya having tetrasporangia, 
while Karachi specimens possess globular tetrasporangia. Womersley (1987) 
described a very long range of 2-20 em for specimens occuring along the coast of 
eastern Australia. In general morphological characters, the Karachi specimens 
resemble those described by Misra (1966) from the Indian coast. 
4. Dictyota dumosa B¢rgesen, 1935 
(Figs. 5a,b) 
References: B¢rgesen, 1935: 37; Dixit, 1940: 15; Misra, 1966: 143. 
Mm.·phological characters: Thalli 12-20 em high, olive green, and thin in the upper 
part, dark brown and thick in the lower part, growing in dense tufts; apices round, 
margins entire. Upper part erect and regularly dichotomously divided several times, 
basal part decumbent, creeping, subterete or somewhat flattened forming filamentous 
rhizoids. Branches distantly situated, 2-3 em apart, broad linear ligulate, broader at 
the base, narrowing gradually towards the apices; angles between branches rounded. 
Branches of lower part of the thalli below the dichotomy 0.75-1.50 em broad, ultimate 
branches 3-5 mm broad. 
Anatomical features: Cells of the two peripheral layers small and contain several 
phaeoplasts, cells of the single layered medulla very large and do not possess any 
phaeoplast. 
Reproductive structures: Reproductive organs scattered over the thallus surface. 
Ecological notes: Grows in the sublittoral region as epilithon. 
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Fig. 5. Dictyota dumosa BllSrgesen: a. habit of the thallus, b. transverse section of the 
thallus with an oogonium (scale: a=2cm, size: b = x100). 
Local distribution: Hawkesbay (Leg. Shameel 8-6-1987, Shaikh 12-6-1988, 
24-7-1989). 
Geographical distribution: Pakistan, India. 
Remarks: The plants of Karachi resemble those described from Bombay, India 
(BilSrgesen, 1935; Misra, 1966), except that Karachi specimens exhibit slightly broader 
branches. This species appears to be endemic to the Arabian Sea; it has not been 
reported elsewhere. 
5. Dictyota hauckiana Nizamuddin, 1975 
(Figs. 6a,b) 
Synonymy: Dictyota atomaria Bauk, 1884; Taonia atomaria (Gooden et Woodward, 
1797) J. Agardh, 1848. 
References: Durairatnam, 1961: 38; Nizamuddin, 1975: 349; Shameel, 1987: 513; 
Shameel et al., 1989: 179. 
Morphological characters: Plants are large, membranaceous, attached by means of 
rhizoids. They reach a height of 15-70 em and 5 em broad. Thallus is dichotomously 
branched and yellow brown in colour. Margin of the thallus is dentate and 
proliferations arise from upper portion of the thallus, which are 1-6 em long and 
0.5-1.0 em broad. Tetrasporangia are scattered in 1-2 on surface of the thallus of the 
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Fig. 6. Dictyota hauckiana Nizamuddin: a. habit of the thallus , b. transverse section 
of the thallus with oogonia (scale: b = 50J!m). 
tetrasporophytic plants. Oogonia are present in sori on the surface of the thallus of 
female gametophytic plants. 
Anatomical features: Thallus is composed of upper and lower superficial layers 
enveloping the middle layer, the superficial layers are composed of thin-walled 
rectangular cells, richly provided with phaeoplasts. Middle cells are large, 85-136 
Jlm in length and 57-85 jlm in breadth. 
Reproductive structures: Reproductive bodies occurring on separate thalli, 2-5 
oogonia are present in a sorus. The sori are 187-218 Jlm in length and 85-136 Jlm in 
breadth, the oogonia are 40-58 ~m in length and 81-90 Jlm in breadth. The 
tetrasporangia, developing from the peripheral cells, are globular in shape and 80-85 
Jlm in diameter. 
Ecological notes: Occurs in sublittoral zone attached to rocks. 
Local distribution: Manora (Leg. Shaikh 12-10-1988), Sandspit (Leg. Shameel 
14-11-1989), Hawkesbay (Leg. Shaikh 9-11-1988), Buleji (Leg. Shaikh 27-9-1987, 
7-11-1987, 20-12-1988). 
Type locality: Malabar coast, India. 
Geographical distribution: Indian Ocean, Danish West ·Indies. 
Remarks: Plants of Karachi differ from those described from Sri Lanka in length of 
thallus being 15-70 em and proliferations being present at margins of the entire thallus 
and also at apex of plant (Durairatnam, 1961 ). Dictyota hauckiana was described by 
Durairatnam (1961) as D. atomaria and Nizamuddin (1975) corrected its name to 
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Dictyota hauckiana. Durairatnarn (1961) described D. atomaria only 
morphologically, where he mentioned 15-45 ern high and 1-3 ern broad thalli; D. 
hauckiana from Karachi are 15-70 ern high and 5 ern broad., The Karachi specimens 
show growth variations, oogonia are present in sori and proliferations arising from 
upper portion of the thallus. 
6. Dictyota indica Sonder, 1859 
(Figs. 7a,b) 
Synonymy: Dictyota pardalis Kiitzing, 1859. 
References: B0rgesen, 1914: 211; Durairatnarn, 1961: 38; Misra, 1966: 137; Earle, 
1969: 161; Nizamuddin and Gessner, 1970: 5; Sharneel et al., 1989: 179. 
Morphological characters: Plants are erect, flat ribbon-like, bushy, epilithic, and 
dark brown in colour. Thalli are to 18 ern in lenght and regularly dichotornenly 
branched, internodal segment 1-4 ern long and 0.5-1.5 ern broad. Structure of plant 
is uniform throughout, angles between branches are wide, rounded, and obtuse. 
Branches are spirally twisted, margin entire, apices rounded. 
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Fig. 7. Dictyota indica Sonder: a. habit of the thallus, b. transverse section of the 
thallus with a tetrasporangiurn (scale: b = 50Jlrn) 
Anatomical features: Thallus is composed of upper and lower two rows of small 
cells, the peripheral layers, enclsoing the middle layer of very large cells. The 
peripheral cells are rounded to somewhat elongated, to 17 Jlrn and 10-17 Jlrn broad. 
One or two middle cells are rounded and others are rectangular, 170-205 Jlrn long and 
92-176 Jlrn broad. 
Reproductive structures: Tetrasporangia are present singly over the surface oflower 
portion of thallus. 'Fetrasporangia develop from the peripheral cells, are 102 Jlrn long 
and 74-95 Jlrn broad. Sporangia} wall is thick, sporangia are globular in shape. 
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Ecological notes: Occurs in sub- to midlittoral regions of the coast. 
Local distribution: Hawkesbay (Leg. Shameel 12-10-1989), Buleji (Leg. Shaikh 
14-9-1987, 7-11-1987, 14-11-1988). 
Geographical distribution: Pakistan, India. 
Remarks: Misra (1966) and Nizamuddin and Gessner (1970) did not fully describe 
this plant, but did note its morphology. Bl?lrgesen (1914) and Durairatnam (1961) 
reported that two to three sporangia are usually tpgether and the thalli are 12 em high, 
whereas Misra (1966) described 12-28 em high plants and Nizamuddin and Gessner 
,, . 
(1970) found 12 em high thalli. The specimens of D. indica·from Karachi are 18 em 
high and their tetrasporangia are singly present and scattered on the thallus. 
7. Dictyota maxima Zanardini, 1872 
(Figs. 8a,b) 
References: Bl?lrgesen, 1937: 317; Durairatnam, 1961: 38; Misra, 1966: 140. 
Morphological characters: Thalli 12-15 em high, olive green to brown in colour, 
having a small cuniate basal disc. Upper part of thallus irregularly to dichotomously 
branched, branches broadly elongate, 1.0-1.5 em broad. Margin of thalli sinuate and 
provided with minute teeth, apices branches broadly round. 
Fig. 8. Dictyota maxima Zanardini: a. habit of the thallus b. transverse section of the 
thallus with a tetrasporangium (scales: a= 3cm, b = 150~-tm). 
Anatomical features: Cells of both peripheral layers small, more or less quadratic, 
and richly provided with phaeoplasts. Cells of central medullary layer very large, 
thick-walled, and poor in cell contents: 
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Reproductive structures: Reproductive organs distributed over the thallus surface. 
Tetrasporangia spherical, occurring singly or in groups of 2-3. 
Ecological notes: Epilithic, growing in pools of lower littoral and sublittoral rocks. 
Local distribution: Sandspit (Leg. Sharneel 15-7-1987, Shaikh 12-6-1988, 
24-7-1989). 
Geographical distribution: Pakistan, India, Sri Lanka, East Indies. 
Remarks: Plants of Karachi generaily resemble those described from Sri Lanka 
(Durairatnam, 1961) and India (Misra, 1966). However, branches of Karachi plants 
are slightly braoder than other specimens. Small teeth are found on the margin of their 
thalli, which generally lack proliferations. 
8. Padilla tetrastromatica Hauck9 1887 
(Figs. 9a-e) 
References: B¢rgesen, 1936: 77; Durairatnam, 1961: 36; Misra, 1966: 158; Jaasund, 
1976: 45; Lewmanomont, 1980: 761; Shameel et at. 1989: 179. 
Morphological characters: Plants are 10-16 em in height and 5-7 em in breadth. 
brown and yellow in colour, when dried they become· olive green, basal portion 
forming a thick rhizomatous disc attached to sand accumulated in ponds of the 
rnidlittoral region and a short stipe. Thalli are irregularly cleft into narrow lobes, 
stupose on both surfaces in basal part of blade to one fourth or one third the length, 
usually divided into a few flabellate lobes in young plants and divided to the base of 
the blade into many cuneate Jobes 2-4 em wide; piliferous zones on both surfaces 
occurring alternately and well developed with glabrous zones between them. Upper 
portion is broader and forms fan-shaped and striped fronds apical margins are 
involute, lower region of thallus becomes gradually narr.ow. Hairs occur on surface 
of thallus and form ,concentric rows that render the thallus striped. 
Anatomical features: Thallus is composed of 2-4 layers of cells, blade having three 
layers of cells in most parts and four layers only near the base. Thallus in younger 
portion, especially below the involucre, composed of two rows of cells only, cells of 
both rows slightly differ in size. First row contains rectangular cells, 38-48 ~tm long 
and 17-27 f!m broad. Cells of the second row, being smaller, are 27-34 f!ID long and 
17-27 ~-tm broad, thickness of cell wall is 3.4 J.lm. Middle and lower portions of thallus 
arc three layered, equal or slightly larger. Cells of first layer are 37.5-41.0 )liD long 
and 17-34 )..tm broad, those of second layer 27-37 f!In long and 17-31 f!m broad, and 
of third layer 30-34 f!m long and 13.5-31.0 )lm broad; thickness of cell wall is usually 
3-4 f!rn. Lower portion of thallus contains up to 4 layers of cells. Cells are enriched 
with phaeoplasts. Hairs, occurring in concentric rows on thallus, are to 102 )lrn long 
and 6-7 p,m broad. 
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Fig. 9. Padina tetrastromatica Hauck: a. habit of the thallus, b. transverse section of 
thallus from upper part, c. transverse section from middle part, d. transverse 
section from lowermost part, e. group of oogonia (scales b-e = 50).lm) 
Reproductive structures: The gametophytic thalli are dioecious, and reproductive 
bodies forming a transverse row of oogonia or antheridia are alternate with rows of 
hairs. Oogonia develop from the inner portion of peripheral cells, which enlarge and 
are converted into oogonia. Thus, the peripheral cells act as basal cells, which divide 
and form the oogonium of the plant. Oogonia differ in size, 51-102 ).lm in length and 
37-50 ).lm in breadth, they are present in groups and in rows, on both sides of the 
piliferous zone of the upper surface. Tetrasporophytic plants are very similar to 
gametophytic plants. Tetrasporangial sori occur on both sides of the piliferous zone 
of the upper surface of sporophytic plants. The tetrasporangia are globular, about 200 
).LID in width, and similarly arranged as oogonia. 
Ecological notes: Plants occur in the midlittoral region inside shallow sand-covered 
pools and usually remain submerged even during low tides. Occasionally are 
associated wih Dictyota spp., Sargassum spp., and Stokeyia indica. Growing season 
of Padina begins in August and maturity is reached in September. 
Local distribution: Man ora (Leg. Shaikh 12-10- i 988), Hawkes bay (Leg. Shaikh 
20-12-1988, Shameel 14-11-1989), Buleji (Leg. Shaikh 7-9-1986, 15-9-1987, 
27 -9-1988). 
Geographical distribution: Pakistan, Sri Lanka, western coasts of India and Somalia, 
Thailand, Australia, New Zealand. 
Remarks: This is the first taxonomic study of P. tetrastromatica from the coast of 
Pakistan. The only other species investigated taxonomically from this region was P. 
pavonia (L.) Lamouroux (Zahid et al., 1983). Misra (1966) described specimens from 
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the Indian coast. He reported their morphology and some anatomy and observed that 
the oogonia were present singly or in groups up to 4. The specimens collected from 
the Karachi coast had more than 4 oogonia in transverse rows. Tha Pakistan plants 
are slightly larger than those described from Thailand, which were 6-15 em high 
(Lewmanomont, 1980). The Thailand specimens did not have two layered portions 
in the younger parts as do the Pakistan specimens. Xn general, the characters of the 
Karachi specimens resemble those described from India, Sri Lanka, and Thailand 
(Durairatnam, 1961; Misra, 1966; Lewmanomont, 1980). 
9. Spatoglossum variabile Figari et De Notaris, 1853 
(Figs. 10a,b) 
Synonymy: :Spatoglossum lubricum Figari et De Notaris, 1853. 
References: B¢rgesen, 1934: 27; Misra, 1966: 159; Nizamuddin and Perveen, 1986: 
128; Shameel, 1987: 513. 
Morphological characters: The thalli are erect, large, 10-42 em high, flat, thick; 
leathery, dichotomously branched, linear, cuniate below, 2-3 em broad, surface rough, 
midrib absent, proliferations arising from margin, cryptostomata scattered over entire 
surface, olive green in colour. 
Fig. 10. Spatoglossum variabile Figari et De Notaris: a. habit ·of the thallus, b. 
transverse section of thallus with two embeded tetrasporangia (scale:b=50j..tm). 
Anatomical features: Thallus is composed of 6layers of cells in thickness, peripheral 
layer is elongated 71-82 j..lm in length and 34-58 j..lm in breadth. Medullary cells are 
large, parenchymatous, irregular and rectangular towards the peripheral layer, 
102-105 j..lm in length and 68-85 j..lm in breadth. Cryptostomata are present, the hairs 
are cylindrical, up to 136 j..lm in length and 3-4 j..lm in breadth. 
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Reproductive structures: The sporangia! sori are depressed and oblong, scattered on 
either surface of the thallus. Tetrasporangia are 64-69 jlm in length and 34-52 jlm in 
breadth, black brown, square or elongate, scattered on both surfaces, embedded in the 
peripheral layer, single or in groups of 2-3. 
Ecological notes: Grows on sand covered rocks at low water mark. 
Local distribution: Manora (Leg. Shaikh 10-12-1988, Shameel 12-10-1989), Buleji 
(Leg. Shaikh 27-9-1987, 9-11-1988). 
Geographical distribution: Arabian Sea, Red Sea, Malayan Archipelago. 
Remarks: Nizamuddin and Perveen (1986) described S. variabile as 7-12 layered 
thick and rough, whileS. asperum J. Agardh as 4-6 layered and thin. The Pakistan, 
specimens, throughout, are 6 layered thick and rough. Morphologically they are the 
same as described by Nizamuddin and Perveen (1986). They only differ in number 
of layers, uniformly six, and appear to be intermediate between S. variabile and S. 
asperum, as described by them (lit. cit.). They also differ from S. australasicum 
Ki.itzing, recently described by Begum and Khatoon (1993) from the coast of Karachi, 
which has a 3-4 layered thalls in the upper part and 4-5 layered in the lower part. 
10. Stoechospermum marginatum (C. Agardh, 1824) Kiitzing, 1843 
(Figs. 11a,b) 
Basionym: Zonaria marginata C. Agardh, 1824. 
Synonymy: Stoechospermum patens J. Agardh, 1848; Dictyota marginata Decaisne, 
1895; Zonaria patens Hering De Toni, 1895. 
References: Nasr, 1947: 78; Durairatnam, 1961: 33; Misra, 1966: 61; Jaasund, 1976: 
45; Nizamuddin and Perveen, 1986: 124; Shameel, 1987: 513; Shameel et al., 1989: 
179. 
Morphological characters: Thalli erect, tufted, linear, ligulate, yellow brown, 7-26 
em in height, attached by rhizoids emerging from a holdfast; fronds flat, 1-2 em in 
breadth, dichotomously branched, attenuate, cuniate below, lateral margin of branches 
entire, apical margin involute. Growth of plants by means of marginal meristem. 
Anatomical features: Thallus composed of a single layer of peripheral cells and 7 
layers of medullary cells. Peripheral cells are small, 13:-17 jlm in length and 10-14 
11m in breadth, containing dense phaeoplasts. Medullary cells appear polygonal, 
parenchymatous, irregular, and 68-102 jlm in diameter in transverse section and 
rectangular, irregularly arranged, 68-186 jlm in length and 51-64 jlm in breadth in 
longitudinal section. 
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Fig. 11. Stoechospermum marginatum (C. Agardh) Ktitzing: a. habit of the thallus, b. 
transverse section of the thallus with a tetrasporangium (scale: b = 50 J.Lm) 
Reproductive structures: The tetrasporangia are tetrahedral and develop from 
peripheral cells. They are pear-shaped, 68-85 J.Lm in length and 51-68 J.Lm in breadth. 
Tetrahedral sporangia are attached with a stalk cell, which is 112 J.Lm long and 24 J.Lm 
broad. 
Ecological notes: Occurs in sublittoral region along the coast. 
Local distribution: Manora (Leg. Shaikh 10-12-1988, Shameel 12-10-1989), Buleji 
(Leg. Shaikh 27-9-1987, 9-11-1988). 
Geographical distribution: Pakistan, Red Sea, Sri Lanka, western coast of India. 
Remarks: Stoechospermum marginatum from the Karachi coast were described by 
Nizamuddin and Perveen (1986). The same characters are reported here; no 
noticeable differences were found. Another species, S. maculatum J. Agardh, was 
suspected to occur (Shameel, 1987), but detailed investigation of these specimens 
revealed they were detached and partly dried plants of S: marginatum. 
Order Scytosiphonales Feldmann, 1949 
Family Scytosiphonaceae Farlow, 1881 
Thallus is terete or compressed to foliose or subglobose to convolute or clathrate, 
solid or hollow, essentially unbranched, usually 2-30 em high, growth diffuse; 
anatomy polystichous, with an inner medulla of larger, clear cells, with or without 
internal rhizoids and an outer cortex of small cells, each with a single phaeoplast 
having a conspicuous pyrenoid; phaeophycean hairs usually frequent, single or in 
groups, in pits or on the surface. This family is represented on the coast of Karachi 
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by eight species belonging to six genera (Shameel and Tanaka, 1992). This is the 
next largest family of dominating benthic brown seaweeds after Dictyotaceae. The 
following two species were studied taxonomically, and were distinguished as follows: 
Thallus globular, lobed, folded, unbranched, sessile .................... Colpomenia sinuosa 
Thallus foliose, strap-shaped, branched, with discoid holdfast.. .. Jolyna laminarioides 
11. Colpomenia sinuosa (Mertens ex Roth, 1806) 
Derbes et Solier, 1851 
(Figs. 12a-c) 
Basionym: Vlva sinuosa Mertens ex Roth, 1806. 
Synonymy: Asperococcus sinuosus Bory; Encoelium sinuosa C. Agardh, 1821; 
Encoelium vesicatum Kiitzing, 1849; Hydroclathrus sinuosa Zanardini, 1860; Nostoc 
mesentricum Delile; Stilophora sinuosa C. Agardh; Soranthera leathesiaeformis 
Maze et Schramm, 1877; Stilophora vesicata Harvey; Tremella rugulosa Clement; 
Vlva cavernosa Forsskal; Zonaria sinuosa C. Agardh, 1817. 
References: B!llrgesen, 1914: 176, 1934: 25; Smith, 951: 128; Durairatnam, 1961:32; 
Lindauer et al., 1961: 261; Misra, 1966: 115; Nizamuddin and Gessner, 1970:· 6; 
Clayton 1975: 187; Abbott and Hollenberg, 1976: 204; Jaasund, 1976: 47; 
Nizamuddin and Begum, 1978: 318; Bason, 1979: 57; Shameel, 1987: 513; 
Womersley, 1987: 297; Begum and Khatoon, 1992a: 23. 
Morphological characters: Thallus medium to dark brown with a broad base, 
irregular, globular, lobed and folded, membranous and sessile, hollow, epilithic,.to 64 
em in diameter. Sterile thallus is small (0.5-1.0 em), yellow brown when dried, fertile 
thallus is large, red to black brown. 
Fig. 12. Colpomenia sinuosa (Mertens ex Roth) Derbes et Solier: a. habit of the 
thallus, b. transverse section of the thallus, c. transverse section through sorus 
plurilocural sporangia (scale: b =50 J.Lm, size: c = x50). 
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Anotomical features: In surface view, cells differ in shape and size on both surfaces. 
Dorsal surface of the thallus with small, quadratic or polygonal cells, all with a single 
phaeoplast. Ventral surface with large and irregular cells, only a few cells with a 
single phaeoplast. In transverse section thallus 6-8( -9) layered thick, assimilatory 
region single layered, small cells, angular, radially elongated, 17 J.Lm in length and 10 
~m in breadth, with a single and parietal phaeoplast. Medullary region composed of 
three different types of cells; 1-2 outer layers of small, polygonal cells, 100-120 J.Lm 
in diameter; innermost 1-2 layers of large, irregular or periclinally elongated cells, 
150-165 !lm in diameter. 
Reproductive structures: Sori small, semicircular, and scattered. Paraphyses and 
hairs both present in middle of each sorus, hairs occasionally seen in sori of old thalli. 
Plurilocular sporangia cylindrical, biseriate when young, uniseriate when old, 27-34 
J.Lm long and 10 J.Lm broad. 
Ecological notes: Occurs in sublittoral region along the coast, attached to rocks. 
Local distribution: Manora (Leg. Shaikh 9-11-1988), Hawkesbay (Leg. Shameel 
18-12-1989), Buleji (Leg. Shaikh 27-11-1987, 20-1-1989). 
Type locality: Cadiz, Spain, Atlantic Ocean near Gades. 
Geographical distribution: Arabian Sea, Persian Gulf, Red Sea, Mauritius, 
Australia, Mediterranean Sea (European as well as African coasts), southern 
California, Monterey Peninsula (Pacific coast), the Philippines. 
Remarks: This species from the Karachi coast was described by Nizamuddin and 
Begum (1978), but the present investigation revealed a number of differences. Smith 
(1951) described specimens of C. sinuosa collected from California having a two-cell 
thick cortex, while Womersley ( 1987) reported those froni the Australian coast to have 
a 4-6 cell thick cortex and 1-2 cell thick medulla with isodiamatric cells. Basson 
(1979) observed 7-8 layered, thin-walled cells in the thalli of specimens from the 
Persian Gulf coast of Saudi Arabia. Nizamuddin and Begum (1978) reported the 
specimens from Karachi as having 1.6-7.5 em broad and 6 layered thick thallus, with 
a 4 layered medullary region. The specimens described in the present investigation 
differ in five characters: (1) Plants to 64 em in diameter, (2) thalli up to nine layer 
thickness, (3) assimilatory region single layered, ( 4) small cells angular and elongated, 
(5) medullary region comprised of three types of cells •. varying in shape and size. 
Begum and Khatoon ( 1992a) recently redescribed C. sinuosa from the coast of 
Karachi. Their paper appeared, after the present investigation was completed. Our 
findings agree to a great extent with the characters described by them. 
12. J olyna laminarioides Guimaraes in Guimaraes et al., 1986 
(Figs. 13a-d) 
Synonymy: Endarache binghamiae J. Agardh, 1986. 
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Fig. 13. Jolyna laminarioides Guimaraes et al.: a. habit of the thallus, b. transverse 
section through stipe, c. longitudinal section of stipe showing oblong cells and 
hyphae, d. plurilocular sporangium (scales: b-d =50 J.tm). 
References: Nizamuddin and Farooqi, 1968: 40; Abbott and Hollenberg, 1976: 200; 
Guimaraes et ~l., 1986: 100; Shameel, 1987: 513; Wynne and Banaimoon, 1990: 213. 
Morphological characters: Plants yellow to dark brown, 10-91 em long and 1-3 em 
broad, to 1mm thick, foliose or strap shaped, usually simple rarely branched, 
caespitose, growing in tufts on rocks, attached by a small solid, discoid holdfast; 
lanceolate stipe, to 3 em length and 3 mm broad; margin smooth, apex acute, sori 
scattered and patches present on both surfaces of the frond; colourless multicellular 
sterile hairs in tufts on surface of the frond. Branching of the blade at times the result 
of being torn; when normal, stet with marginal proliferations. 
Anatomical features: The thallus is composed of three tissues, the meristoderm, 
cortex and medulla. The meristoderm is composed of somewhat radially elongated 
cells arranged in a single row, each cell contains a single, large, plate-like phaeoplast 
with a conspicuous, projecting pyrenoid. The lower basal cells function as cortical 
cells and upper elongated cells behave as meristoderm cells. Below the meristoderm 
lies the cortex, composed of 2-3 layers of polygonal cells surrounded by small cells. 
Innermost is the medulla, composed of thick-walled elongated cells of irregular shape. 
Oblong to round cells are also present. The medulla is comprised of fiber-like cells 
in a complex ground tissue composed of a dense network of interconnected filaments. 
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Cells are elongated and broad in stipe, round to polygonal cells are intermixed with 
densely branched hyphae, cell wall is thick. 
Reproductive structures: Conspicuous and colourless multicellular sterile hairs 
occur in sori on surface of the frond. Extensive sori of plurilocular sporangia are erect 
and develop from the meristoderm cell. Sporangia! walls are thick, sporangia are 
divided transversely from the uniseriate compartment up to 17 rows, 1-2 
compartments are divided longitudinally. The sporangia are generally 34-38 j.lm in 
length and 10-11 j.lm in breadth and the compartments are generally 13-14 I-LID in 
length and 9-10 I-LID in breadth. 
Ecological notes: Grows in tufts on limestone rocks or on rock edges in midlittoral 
zone on the open coast, remaining exposed during low tide. Usually starts developing 
in. September and disappears by end of November. Grows in association with 
Chaetomorpha antennina (Bory) Kiitzing, Ulva fasciata Delile, and 
Melananothamnus somalensis Bornet et Falkenberg in Falkenberg. 
Local distribution: Manora (Leg. Shaikh 10-11-1988, Shameel 12-10-1989), Buleji 
(Leg. Shaikh 9-9-1986, 8-9-1987, 15-9-1988). 
Type locality: Ponta da Lagoinha, Buzios, Cabo Frio coast, Rio de Janeiro. 
Geographical dist,ribution: Pakistan, Oman, Yemen, Brazil. 
Remarks: Nizamuddin and Farooqi (1968) described this seaweed from the coast of 
Karachi morphologically as well as anatomically in detail under the name of 
Endarachne binghamiae. Wynne and Banaimoon (1990) examined specimens 
collected from the Karachi coast and determined them to be Jolyna laminarioides, a 
monotypic genus of brown seaweeds (Guimaraes et al., 1986). Nizamuddin and 
Farooqi (1968) described plants only 7 em in height. The specimens collected from 
the same coast during this study differed in size and in transverse section. They were 
very large, to a height of 91 em, and in transverse section the medulla was composed 
of fiber-like cells in a complex ground tissue constituting a dense network of 
interconnected filaments. This monotypic genus differs from Endarachne J. Agardh, 
where the medulla is comprised of densely intertwined, branched filaments. Although 
morphologically similar with simple, foliose, strap-shaped blades, Jolyna Guimaraes 
in Guimaraes et al. is much larger in length, breadth, and thickness of blades than 
Endarachne. 
Order Fucales Kylin, 1917 
Family Sargassaceae (Kiitzing, 1843) De Toni, 1891 
The holdfast is discoid or divided with a short terete or compressed stipe. Plants 
bilateral or radial with monopodia! branching. Branching more or less continuous 
from base to apex, modified by sterile branches, leaf-like in some. Distichously or 
trichously, primary branches with straight to flexuous axes, usually much branched, 
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filiform, leaf-like or obconicallaterals. Basal leaves linear or blade-like or turbinate, 
branch systems arising in axis of the leaves. Leaves with midrib, cryptostomata, and 
with smooth and denticulate margins. Vesicles usually present, subspherical and 
axillary or replacing ramuli of laterals or within the ramuli, pneumatocysts solitary, 
terminal on branchlets. Growth by means of a single three-sided apical cell in an 
apical' depression throughout the life of the plant. Plants monoecious or dioecious, 
receptales terminating fertile branchlets. Receptacles usually developed seasonally 
on upper parts of primary 'branches, in axils of laterals or their ramuli, simple or in 
branched clusters, terete to compressed, smooth, verrucose or spinous. Conceptacles 
internally differentiating a conspicuous cell or row of cells from floor, conceptacles 
and their ostioles usually scattered, unisexual or bisexual. Oogonia and antheridia 
mixed in the same conceptacles or distinct in same receptacle, on same thallus or on 
different thalli. Oogonia sessile, with single egg, antheridia sessile or on branched 
paraphyses. 
This family is represented by ten species on the coast of Karachi, all belonging to 
the same genus, Sargassum C. Agradh (Shameel and Tanaka, 1992). Another genus, 
Sargassopsis Nizamuddin, Hiscock, Barratt et Ormond was recently erected from 
rn~terial collected from Pishukan, west of Gwader, Pakistan, with a single species, S. 
zanardinii (Schiffner) Nizamuddin, Hiscock, Barratt et Ormond (Nizamuddin et al., 
1993). The following single species was investigated taxonomically, it was the only 
species found growing luxuriently. 
13. Sargassum tenerrimum J, Agardh, 1848 
(Figs. 14a-c) 
Synonymy: Sargassum campbellianum Greville, 1889. 
References: B~rgesen, 1934: 30; Setchell, 1935: 8; Biswas and Sharma, 1950: 86; 
Durairatnam, 1961: 42; Misra, 1966: 174; Shameel et al., 1989: 179. 
Morphological characters: Plants reach a height of 22-44 em, green brown, attached 
by a large discoidal holdfast, upper portion composed of primary axis, bearing several 
branches. Axis glabrous and rounded, ultimate branchlets modified into vesicles and 
receptacles, the receptacle branches forming small clusters. Leaves thin, translucent, 
petiolate, 2-5 em long and 0.5 em broad, alternately arranged, being larger and broader 
in the lower portion and smaller and narrow towards the apex, linear lancolate, margin 
of leaves sinuate-dentate, apices narrow and rounded, midrib present. Cryptostomata 
present on surface of leaves. Vesicles stalked and spherical in shape. 
Anatomical features: Transverse section through the blade of a leaf-like structure 
shows well marked differentiation into three regions: meristoderm, cortex and 
medulla. The meristoderm contains two layers of cells; a peripheral layer of small, 
compactly arranged, columnar cells, elongated at right angles to the surface with 
numerous phaeoplasts and abundant fucosan granules, 35-45 Jlm long, 20-30 Jlm 
broad, called the palisade layer, covered by a mucilaginous cuticle; and another layer 
of small cells, called the hypodermal •ayer having the same dimensions, with lesser 
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Fig. 14. Sargassum tenerrimum J. Agardh: a. habit of the thallus, b. transverse section 
of the blade, c. transverse section of a receptacle (size: b = x100, c = x50) 
phaeoplasts and fucosan granules than the first layer. The cortex consists of 3-5 layers 
of large, thick-walled, polygonal cells, compactly arranged due to little gelatinisation 
of the walls, 100-200 j.tm in diameter. The centrally placed medulla is composed of 
small, rounded, thin-walled cells, 50-70 j.tm in diameter. No gelatinised material and 
no medullary hyphae are present in this region. 
Reproductive structures: Receptacles oblong or fusiform, axillary or supra-axillary, 
not sessile, linear, two-headed, angulate, sharply toothed towards the apex, spinose, 
richly branched, cymose, sometimes in racemes. Transverse section of a receptacle 
shows several conceptacles, arranged on periphery, opening by an ostiole. 
Conceptacles containing ·reproductive organs antheridia and oogonia together. 
Conceptacles are to 183 j.tm in diameter, the antheridia 25-27 j.tm in diameter, and the 
basal cell to 10 j.tm in length. Oogonia are to 17 4 j.tm in diameter and globular in 
shape. 
Ecological notes: Occurs in shallow ponds of the midlittoral region in association 
with Padina tetrastromatica Hauck and Stokeyia indica Thivy et Doshi. 
Local distribution: Manora (Leg. Shaikh 10-12-1988, Shameel 14-11-1989), Buleji 
(Leg. Shaikh 7-10-1986, 27-9-1987, 9-11-1988). 
Geographical distribution: Pakistan, Sri Lanka, Malaysia, Australia, New Zealand. 
Remarks: Durairatnam (1961) described the plants from Sri Lanka and Misra (1966) 
from India morphologically; they did not provide any information on their anatomy. 
The specimens in the present study resembled those described from India and Sri 
Lanka, but are not as large and not as delicate. They were examined anatomically. 
The main axis and its branches have the same anatomy as the blades, except. the 
medulla is large and contains outer layers of thick-walled cells and inner layers of 
thin-walled cells. 
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Family Cystoseiraceae (Kiitzing, 1843) De Toni, 1891 
The holdfast was discoid or lacerate, divided with a terete stipe, or subhapteroid 
or sometimes becoming stoloniferous. Stipes simple or branched, bearing radially, 
distichously or tristichously branched axes or primary branches, straight to flexuous, 
each slightly to much branched with usually determinate laterals, some of which may 
develop further. Plants frequently bilateral, becoming radially or alternately 
branched, clearly differentiated into apical and basal regions, each with different 
external morphology. Basal portion perenial, leaf-like, basal leaves present or absent. 
Laterals simple or branched, terete to flat. Vesicles present or absent, subspherical to 
ovoid, discrete or within the branches, pneumatocysts, intercalary on upper branches, 
solitary or in chains. Growth by means of a single three-sided apical cell in an apical 
depression throughout the life of the plant. Structure with medulla, cortex, and surface 
meristoderm. 
Plants monoecious or dioecious, receptacles develop from whole or upper parts of 
the laterals or their ramuli, terete to flat, elongate. Conceptacles internally developing 
conspicuous row of cells before formation of oogonia and antheridia, conceptacles 
and their ostioles scattered on the surface or margin of flattened receptacles, unisexual 
or bisexual. Oogonia sessile, without a mesochiton collar, containing a single egg; 
antheridia sessile, borne directly on wall of the conceptacles or on branched 
paraphyses. This family is represented on the coast of Karachi by three species 
belonging to three genera (Shameel and Tanaka, 1992). The following one species 
was studied because it was the only species that occurs abundantly. 
14. Stokeyia indica Thivy et Doshi, 1966 
(Figs. 15a-g) 
Synonymy: Cystoseira indica (Thivy et Doshi) Mairh, 1967. 
References: Thivy and Doshi, 1966: 67; Mairh, 1967: 83; 1980: 779; Shameel, 1987: 
514; Shameel et al., 1989: 179. 
Morphological characters: Plants 18-45 em tall, rarely to 100 em, attached by a 
rhizomatous hapteron, which is stoloniferous. Rhizomes 1.5-3.5 mm in diameter, 1-3 
em long. Primary axis short, bearing 1-4 main fronds and 3-5 smaller fronds, 0.5-1.0 
mm in diameter. Branches terete, occasionally flattened, 5-15( -20) em in length, 
arising at intervals of 1-4 em, ultimate branches 0.2-0.5 mm in diamter. Branches of 
different orders arise in acropetal and spiral succession and bear large cryptostomata, 
leaves absent. Vesicles single, innate, generally on short laterals on the ultimate and 
subultimate branchlets, ellipsoidal, 2-4 mm in diameter, 3-5 mm long. 
Anatomical features: The thallus is surrounded by a peripheral layer of small cells, 
compactly arranged, filled with phaeoplasts, rectangular, and well protected by a 
pectic covering. Inner to peripheral layers are cortical cells of variable shape and size, 
but compactly arranged. From wall cells of the cavity of cryptostomata arise short 
papillate hairs and long hairs with basal meristems. During development of concept-
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Fig. 15. Stokeyia indica Thivy et Doshi: a. habit of the thallus, b. longitudinal section 
through cryptostomata, c. longitudinal section through conceptacle showing 
tongue filament, d. branch bearing male receptacles, e. longitudinal section 
through conceptacle exhibiting antheridia, f. branch bearing female 
receptacles, g. longitudinal section through coilceptacle showing oogonia 
(scales b = 100 !liD, c = 25 11m, d,f =311m, e,g =50 11m). 
acles, a tongue filament of two cells is produced. From wall cells of the conceptacles 
also arise papillate hairs and hairs with basal meristems. 
Reproductive structures: Plants are dioecious, receptacles are produced seasonally 
ori ultimate branchlets, fastigiate, sometimes above the vesicles, terete, verrucose and 
shortly stalked. Male receptacles forked once or twice, 3-10 mm long, 0.3-0.6 mm in 
diameter. Female receptacles forked once or twice, with segments 1-5 mm long, 
0.5-0.7 mm in diameter. Mature conceptacles 90-125~-Lm deep and 200-300 p,m broad. 
Antheridia single, borne on unicellular stalk. Oogonia 70-100 11m long, 60-7 5 11m 
broad, sessile, partially embedded in the conceptacle wall. 
Ecological notes: Occurs in large, deep sandy pools on rockey ledges at upper and 
midlittoral regions. 
Local distribution: Manora (Leg. Shaikh 24-10 1987, 20-12-1988, Shameel 
14-11-1989), Buleji (Leg. Shaikh 14-9-1987, 9-11-1988, 24-10-1989. 
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Type locality: Porbander, Gujarat, India. 
Geographical distribution: Pakistan, India. 
Remarks: Mairh (1980) described this plant in detail from the coast of India under 
the. name of Cystoseita indica. The specimens in the present study from Karachi 
resemble to a great extend the Indian plants. There are slight variations in height of 
the plants and dimensions of various body parts. The main difference between the two 
is .that the Karachi plants are stoloniferous. From the basal part, which is hapteron-
like, there are several stolons that creep for a short distance, then become erect and 
give rise to new plants. This character confirms that Karachi Plants are not Cystoseira 
but belong to the genus Stokeyia Thivy et Doshi. 
CONCLUDING REMARKS 
During this study 14 commonly occurring species of marine benthic brown algae, 
i.e., Colpomenia sinuosa (Mertens ex Roth) Derbes et Solier, Dictyopteris australis 
(Sander) Askanasy, Dictyota dichotoma (Hudson) Lamouroux, D. dumosa B!iSrgesen, 
D. hauckiana Nizamuddin, D. indica Sander, D. maxima Zanardini, Hincksia 
mitchelliae (Hervey) Silva, Jolyna lamainariodes Guimraes in Guimaraes et al., 
Padina tetrastromatica Hauck, Sargassum tenerrimum J. Agardh, Spatoglossum 
variabile Figari et De Notaris, Stoechospermum marginatum (C. Agardh) Kiitzing and 
Stokeyia indica Thivy et Doshi were collected from various coastal areas near Karachi 
during different seasons and taxonomically investigated. The studies are based on 
several collections made during 1986 to 1989. The seaweeds belong to all three classes 
of the division Phaeophyta, i.e., Dictyophyceae, Laminariophyceae and Fucophyceae. 
All the investigated seaweeds are taxonomically known species. While many were 
known from the coast of Pakistan (Shameel and Tanaka, 1992), they had been 
taxonomically described, based on Pakistan specimeps. During study Dictyota 
dichotoma, D. dusoma. D. hauckiana, D. indica, D. maxima, Jolyna laminarioides, 
Padina tetrastromatica, Sargassum tenerrimum, and Stokeyia indica were 
taxonomically described for the first time from the coast of Pakistan. These and other 
species were compared to those described from the neighbouring coasts of India, Sri 
Lanka, Iran, Oman, Yemen, and Saudi Arabia, and the differences were noted. The 
differences observed were not very remarkable and were minimal. These differences 
are quite natural as Karachi, situated at the northetn part of the Arabian Sea, has its 
own specific geographical and ecological conditions (Thompson and Tirmizi, 1988). 
The brown seaweeds of the Karachi coast generally grow in mid- to sub-littoral 
regions (Salim, 1965) due to their low tolerance to drought. They are exposed only 
during low tides and are cast ashore by high tides and, therefore, are mostly collected 
as drift. The plants usually disappear from the coast from June to September. Saifullah 
(1973) observed the same periodicity in growth of the algal populations 9n the coast 
of Buleji. The disappearance of brown algal populations coincides with the strong 
wind and high tides of the northern Arabian Sea (Quraishee, 1988). Comparative 
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floristic studies of Manora, Sandspit, Hawksbay, Buleji, Paradise Point, Nathiagali, 
Pacha and Cape Monze indicated that the coast of Manora is more highly populated 
by brown algae than the other areas. The long and narrow coast of this pseudo-inland 
has a wide littoral region at its northwestern side with various types of habitats, i.e., 
rock pools of different depths with sand or stone bottoms, exposed rocks, flat sand, 
stone or mud-covered areas and in some places rocks that form shallow, cave-like, 
sheltered areas. These various ecological conditions provide favourable sites for large 
numbers of brown algal communities (Begum and Khatoon, 1988). 
The members of Phaeophyta found along the Karachi coast varied seasonally and 
ecologically· in their occurrence, growth, and fertility. The maximum number of plants 
were collected from February to March and the minimum during October. Benz et al. 
(1979) observed the highest number of brown seaweeds in May and September and 
the lowest in October on the coast of Florida. The large and well developed plants 
were collected during winter (December-January) when there were low seawater 
temperatures, low light intensities, and short light durations. High precipitation and 
relative humidity decrease seawater temperature and increase the quantities of 
dissolved nutrients and consequently enhance the growth of seaweeds in winter 
(Round, 1984). The maximum fertility period for the brown algae of Karachi was in 
April and the minimum in December and January. This relates to spring and winter 
seasons, respectively, which indicates that the reproductive rates enhance with the 
increase in temperature. Plants deteriorated in April and May after discharge of their 
gametes and tetraspores. A few small plants of the next generation were also seen 
during this season. Poor growth of plants was also observed by Anand (1940) at the 
Manora coast of Karachi during this period. 
The brown algal flora of Karachi also varied taxonomically in occurrence. The 
most common seaweeds growing abundantly throughout the season at all localities 
and under a variety of ecological conditions belong to the orders Dictyotales, 
Scytosiphonales, and Fucales. The most common species are: Colpomenia sinuosa, 
Dictyota hauckiana, Padina tetrastromatica, Sargassum tenerrimum, and Stokeyia 
indica (Shameel and Tanaka, 1992). It was noted that a few species were restricted to 
a particular locality, e.g., Hincksia mitchelliae and Dictyopteris australis only grew 
on the Manora coast, Dictyota maxima was restricted to the coast of Sandspit, Dictyota 
dumosa confined to Hawkesbay, and Dictyota dichotoma was found only on the coast 
of Buleji. 
There are some species, that grew only in specific habitats, i.e., under restriced 
ecological conditions. Dictyota hauckiana and Spatoglossum variabile only grew on 
sand-covered rocks at the lower littoral, H. mitchelliae only on a flat sandy area at 
midlittoral, and D. dichotoma was found only in sand-bottom pools in the mid- to 
lower littoral region. It is obvious that the most suitable habitats for the growth of 
brown algal populations on the coastal areas near Karachi are sand-bottom pools and 
sand-covered areas in mid- to lower litt.oral rocks; the bes_t locality was the rock ledge 
of Manora, followed by Buleji. 
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